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Protective autoimmunity is the body 'sdefense mechanism against destructive 
self-compounds such as those commonly associated w ith neurodegenerative 
disorders. Autoimmune disease and neurodegenerative disorders can thus be 
viewed as two extreme manifestations of the same process. Therefore, when 
designing therapy, it is important to avoid an approach that will cure the one by 
invoking the other. Oneway to stop, or at least slow down, the progression of 
neurodegenerat ion without risking development of an auto immune disease is by 
boosting protective autoimmunity in a well-controlled way. Copolymer 1 (Cop-1), 
an approved drug for the treatment of multiple sclerosis, can be used as a 
treatment for autoimmune diseases and as a therapeutic vaccine for 
neurodegenerative diseases. We propose that the protective effect of Cop-1 
vaccination is obtained through a well-controlled inflammatory reaction, and 
that the activity of Cop-1 in driving this reaction derives from itsability to serve as 
a' universal antigen' by weakly activating a wide spectrum of self-reactive T cells. 
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Neurodegenerative disorders are commonly associated 
with ongoing neuronal loss in thecentral nervous 
system (CNS)[1,2J. Following theloss of neurons 
caused by primary risk factors, additional ('secondary') 
neuronal loss is mediated by self-compounds, such as 
glut am ate, nitric oxide or reactive oxygen species, 
that exceed their physiological concentrations. These 
compounds are implicated in various types of 
neurological disordersand acuteCNS injuries [3-7]. 
It is interesting tonotethat destructive components 
common to neurodegenerative diseases have also been 
identified in autoimmune diseases such asmultiple 
sclerosis (MS); in thisdisease, myelin damagein the 
CNS is accompanied by subsequent neuronal loss[8-11]. 

Immune activity in theCNShaslong been considered 
detrimental, and patientswith neurodegenerative 
disorders and acuteinjuries arethereforecommonly 
treated with immunosuppressive drugs [12-17]. This 
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negat iveview of inflammation derives largely from the 
fact that thepresenceof immunecellsinthebrain has 
been reported mainly in pathological situations. I ndeed, 
these cells came to be regarded as the cause of the 
pathology, not as the result, and certainly not as cells 
recruited for the pur pose of physiological repair. Thus, 
for exam pie, the immune com ponents(e.g. activated 
microglia, blood-borne macrophages, CD8 and CD4 
T cells) found in damaged regionsand plaques in 
patientswith neurodegenerative syndromes were 
assumed to be cau sat ively associated with thesyndrome 
[18,19]. However, studies in the past few years have 
shown that immuneoells, in particular autoimmune 
T cells, play an essential role in protecting the injured 
CN S from t he ongoi ng spread of dam age [20-25] . 
Moreover, it has proved possible to boost protective 
immunity in ratsand mice without risk of inducing 
neurodegenerative disease, aswill be discussed here. 

Autoimmune neuroprotection -a physiological 
self-repair mechanism 

In certain strains of rats, passive transfer of 
autoimmuneT cells reactivetomyelin-related 
self-antigens induces a transient autoimmune 
syndromeknown as experimental autoimmune 
encephalomyelitis (EAE) [26,27]. If these strains of 
rats are subjected either to partial crush injury of the 
opt icnerve or to contusive injury of the spinal cord.the 
autoimmunecell transfer not only induces EAE but 
also confers neuroprotection by reducing secondary 
degeneration of the dam aged neural tissue [21,23]. 
Recent studies have provided persuasive evidence 
that theobserved autoimmune neuroprotection isnot 
merely the out come of an experimental manipulation, 
but is a physiological responseevoked system i call y by 
the CNS injury [20,28]. Furthermore, in several 
strainsof mice and rats, an absence of mature T cells 
(e.g. in nude mice or in rats subjected to thymectomy 
at birth) resultsin a worse outcome from CNSinjury 
than in their wild-type counterparts [20,28]. 

Theway in which autoimmuneT eel Is prevent the 
degenerative consequences of CNS insults or protect 
the injured nerve from self-destructive mediators of 
toxicity iscurrently under intensive investigation. 
Studies have shown that activeautoimmuneT cells 
en gage in adialoguewith CNS-resident microglia or 
with infiltrating macrophages [29]. Among the effects 
attributed to such dialogue is activation, through 
MHCdassI! interaction, of the affected cells, enabling 
them to clear theinjury site of potentially harmful 
factors, such as destructive self-compounds. On the 
basis of theability of activated T cells and monocytes to 
produce neurotrophicfactors, it was further suggested 
[30,31] that macrophages might serve as a source of 
neurotrophins. Thus, T cellsmight participatein the 
activation of macrophages, through MHCdassI I 
inter action, for the production of such factors. However, 
it was recently shown that theautoimmuneT cells 
arenot theonly T cells part idpattng in autoimmune 
neuroprotection, but that another population of 
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CD4 T eel Is (probably of a regulatory phenotype) is also 
an essential participant (J. Kipniset al., unpublished). 

The ph enotype of theT cells that regulate 
neuroprotection isstill unknown. The most promising 
candidates are naturally occurring CD4 CD25 
regulatory T cells, which are antigen specific, and 
natural killer cells, which play an important role in 
terminating EAE [32]. In view of the results 
described above, it is reasonable to suggest that 
nonspecifictherapeutic suppression of the immune 
responsetoCNStrauma(e,g. by depriving the body 
of proinflammatory cytokines) might be harmful for 
neurons in thelong term. This might be the case even 
though the immune involvement appearstobeat 
some cost in terms of neuronal losstothetissue, since 
thebenefit of neuroprotection afforded by theon going 
immune activity, if well controlled, will eventually 
outweigh thecost. Itthereforeseemsthat a preferable 
therapy would be antigen-sped fici mm unornodu I at ion 
aimed at boosting and regulating the inflammatory 
response [33,34] toaCNS insult [24]. 

It was recently discovered that it is possible to boost 
protective immunity in rats and micewithout therisk of 
inducing EAE, by vaccinating the injured animal with 
glatiramer acetate (Cop-1) [35], a drug used clinically to 
aileviatethesymptomsof MS. Vaccination with Cop-1 
emulsified in a strong adjuvant reduced gl u tarn ste- 
rn edi at ed cytotoxicity in the rodent retinal ganglion 
cell (RGC) model and attenuated thesymptoms of a 
chronic neurodegenerative disorder (simulating 
glaucoma) in a rat model of high intraocular pressure 
[35,36]. The following sect ions discuss thedual 
effects of Cop-1 in protecting against 'destructive' 
autoimmunity (seen in patientswith autoimmune 
diseases such as MS) and in inducing or boosting 
'protective' autoimmunity, thereby promoting neuronal 
survival in cases of neurodegen er at ive disorders. 

Cop-1 in autoimmunedisease 

Cop-1 (Copaxone ) is a synt net icamino acid polymer 
(4.7 11 kDa)composed of four aminoadds(L-alanine, 
L-lysine, L-glutamicactd and L-tyrosine) in a defined 
molar ratio[37,38]. It was originally synthesized to 
mimictheactivity of myelin basicprotein (MBP) by 
inducing EAE in laboratory animals [39], but was 
f ou n d t o be n on -en ceph al i t ogen i c an d even t o su ppr ess 
MBP-induced EAE [40]. Cop-1 blocks chronic-relapsing 
EAE induced in a (SJL/J BALB/c) F, mouse model 
by application of mouse spinal cord homogenateor 
en ceph autogenic peptides of proteolipid protein (PLP) 
[41].Thepdymer isthought tobind totherelevant MHC 
pr ot ei n s an d t o act i vat e su pp ressor T cell s t r i ggered 
by determinants common toCop-1 and MBP [39]. 

The precise mechanisms by which Cop-1 prevents 
the development of EAE and ameliorates MS are not 
yet fully understood. Nevertheless, some important 
immunological properties of this copolymer havebeen 
discovered. Cop-1 showspartial crossreactivity with 
M BP, mediated both by T cells and by antibodies. Cop-1 
can serve as an antagonist of theT-cell receptor for the 



immunodominant MBP epitope [42]. It can alsobindto 
variousMHCdasstl molecules [43] and prevent them 
from binding toT eel Is with several antigen -recognition 
properties. In a recently published commentary [44], 
Hafler refers to Cop-1 as a 'universal APL (altered 
peptide I igand)' or a 'universal antigen', and formulates 
a novel view of the effect of Cop-1 in patientswith MS. 
In rodents, Cop-1 su ppr esses t he encephal it ogen ic 
effect of autoreactive T eel Is. PassivetransferofCop-1- 
specificT cellswas found toprevent t redevelopment of 
EAE induced in rats or mice by MBP [45], PLP[41], or 
wholespinal cord horn ogen ate [46]. In humans, daily 
administration of Cop-1 resulted in the development of 
a T helper 2 (Th2)/Th3-type response over time [47]. 

Low -affinity self-reacting Tcells are activated by Cop-1: a 
'safe' therapeutic vaccine for neurodegenerativedisorders 
An initial assumption wasthat Cop-1, by crossreacting 
with MBP or other componentsof myelin, might enable 
Cop-1 -sped fi cT eel I s t o r ecogn i ze t h e dam aged t i ssu e, 
accumulate there, and undergo activation resulting in 
neuroprotection [35], However, more-recent studies 
haveshown that T eel Is react ive to Cop-1 donot 
proliferate when exposed to myelin proteins [48]. 
After partial crush injury of the rat optic nerve, myelin 
epitopes are exposed at thesite of injury. Following 
injury, peripheral lymphocytes, regardless of their 
antigenicspedfidty, enter theCNS [49]. T cells reactive 
tomyelin proteins are activated at the site of injury or in 
theeervical lymph nodes, wherethedrainageof CNS 
antigens probably takes pi ace [50,51]. Recent studies 
haveshown that activation of autoimmune T cells after 
injury is a prerequisite for neuroprotection, and that 
such adivation can be boosted by immunization with 
self-antigens (in this case myelin proteins) [21,22,52]. 
These findings led us to suggest that, upon passive 
transfer of Cop-1 -spedfic Tcells or adiveimmunization 
with Cop-1, T cellsarriving at thesiteof injury will 
serveadual role: first they will trigger proinflammatory 
adivity and later they will terminatetheir own 
adivation [35]. Indeed, examination of this possibility 
showed not only that Cop-1 -read iveT eel Is accumulate 
inthenormal (undamaged) opticnerve, whereonly 
myelin-spedficT cells can accumulate, but also that their 
numbers are smaller than those of the accumulated 
myeJin-spedficT cells [35]. These findings pointed to 
crossreadivity of Cop-1 -ad i vat ed T cells wit h myelin 
proteins in vivo. Adivated Cop-1 -readiveT cells 
produce neurotrophicfadors, but their pattern 
of neurotropic n expression might differ from that of 
MB P-read ive adivated T cells [35]. Accordingly, it was 
suggested that Cop-1 -read iveT cells, after arriving 
at thesiteof the injury, areweakly readivatedby 
self-antigens residing at the lesion site. Such read i vat ed 
Tcells were shown to produce cytokines associated 
with both Th1 (interferon ) and Th2 (interleukin 4) [35], 
indicatingthat Cop-1 -read iveT eel Is are potentially 
capable of self-regulation. We suggest that the 
readivated proinflammatory Cop-1 -read iveT cellsin 
turn adi vat et he resident microglia (as suggested above), 
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Fig. 1. Model of a two-step 
(effector and regulatory) 
immune response to 
immunization with Cop-1. 
(a) Immunization with the 
weak 'universal antigen' 
Cop-1 activates T-cell 
clones with different 
antigenic specificities. 

(i) Effector cells, possibly 
of a T helper 1(Th1) 
phenotype, which are 
known to respond rapidly 
to the antigen, are the 
first to proliferate in the 
periphery; (ii) the slower 
proliferating population of 
regulatory T cells (possibly 
of Th2/Th3 phenotype. 
and/or naturally occurring 
regulatory C04 C025 

T cells) respond later. 
After being activated at 
the periphery, these T cells 
migrate to the injury site 
in the central nervous 
system (CNS). (b)(i)Al 
the site of injury, the 
CNS-resident microglia, 
activated by the injury 
itself, start to present CNS 
antigens and to activate 
and attract peripheral 
Immune components; 

(ii) the first to arrive are the 
Cop-1 -activated effector 

T cells, which upregulate 
the activation state of 
microglia, enhancing their 
phagocytic and antigen- 
presenting capacities, 
(c) (i) At a later stage, 
regulatory (suppressor) 
T cells accumulate at the 
site of CNS injury until the 
ratio of regulatory Tcells 
to effector T cell s is high 
enough to inhibit effector 
action and to terminate the 
inflammatory response; 
(ii)in this way, they 
protect undamaged 
neurons from the toxic 
effects of the environment, 
thus increasing neuronal 
survival. 



(a) Glatiramer acetate-induced immune response 
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enablingthem tociear thelesion siteof toxic 
self-compounds and todisplay enhanced phagocytic 
activity for nonspecificdearanoa In addition, these T cells 
might activatemiaogliatoproduceneurotrophicfactors. 

Accord i ng t o t h e above seen ar i o, passi ve t ran sfer 
of activated Cop-1 -react iveT cells leadstotheir 
accumulation at thesiteof injury, wherethey reinforce 
thelocal i mm un e response (infl am mat ion) at the 
injury site. However, this interpretation of activity as 
an outcomeof crossreactivity with M BP has turned 
out to be an oversimpl if i cat ion: Cop-1 -act i vat ed T ceJ Is 
werealsofound to be neuroprotective in other models 
of CNS injury, where rny el in-associ ated antigens are 
not active, such asthe insult caused by direct exposure 
of RGCs toglutamatetoxicityorthe deat h of RGCs 
resulting from increased intraocular pressurein a 
model of high-tension glaucoma [36]. The quest ion 
then arises: how can Cop-1 vaccine be effective under 
condit ions where myef in-related vaccines are not? 
Theseresults point tothepossibility of crossreactivity 
between Cop-1 -react iveT cells and other self-proteins. 

Cop-1 cross-recognizes T oells reactive to various 
antigens, and it might bind MHCdassll molecules 
without being processed [53]. It is possible that Cop-1 
acts as a universal antigen, as suggested by Hafler 
[44]^Furt her more, vaccination with Cop-1 activates 
different T-cell clones with a wide range of antigenic 
specificities [54,55] and some of these clones might 
weakly crossreact with epitopes of myelin antigens, 
boost i n g t h e endogen ou s r espon se t o wh i t e m at t er 
injury; by contrast, others might weakly crossreact with 
retinal -exclusive peptides (or with self-antigens in other 



tissues), inducing a protective immune response in the 
retina when protection of RGCs from glut am ate toxicity 
is required. We suggest that T cells reactive to Cop-1 
should be referred to not as Cop-1-specificT cells, but 
as low-affinity self-react iveT eel Is activated by Cop-1. 
Accordingtothisview, Cop-1, beingaweak self-reactive 
antigen, will weakly activate numerous self-reactive 
T eel Is. These Tcells will thereforeslowly undergo 
proliferation, which will be balanced to some extent by 
theproliferationof regulatory Tcells also activated by 
Cop-1. Since the rate of proliferation of the regulatory 
dones (e.g. naturally occurring CD4 CD25 regulatory 
Tcells) is slower than that of the effect or (self -reactive) 
Tcells[56], there is a period of time in which effector 
Th1 cells can act without being suppressed by 
regulatory Tcells (Fig. 1). This scenario is in line with 
our recent suggestion that a pro-inflammatory immune 
activity is a prerequisite fa neuroprotection, but that it 
must be stopped on time (J. Kipniset al. t unpublished). 

Cop-1 as an immunomodulator in cases of inflammation 
As discussed above, Cop-1 provides effective treatment 
both for MS[57] and for injuriesof the CNS [35,36]. 
The quest ion then arises: dothetwotypes of disorders 
have common features that could explain why the 
same compound, when administered according to a 
suitabletherapeuticregimen, is effective in both?Or 
do the unique features of Cop-1 asaweak universal 
self-antigen make it suitable for different indications? 
Theprincipal common characteristic of the two 
conditions is inflammation. This appears to be a 
featurenot only of autoimmune neurodegenerative 
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diseases (such as MS) but also of non-autoimmune 
neurodegenerative disorders, such as glaucoma, acute 
CNS injuries, Alzheimer's disease (which was recently 
shewn to be characterized by inflammation in plaques) 
and different types of chronicinflamm at ion .probably 
induding graft rejection and graft -versus-host disease. 

Thefact that somany pathological conditions are 
characterized by inflammation is largely responsible 
for the poor reputation that thisfeature has acquired 
[58]. However, the available data now suggest a need 
for a paradigm shift away from this in the perception 
of autoimmune diseases and inflammation [59]. 
Indeed, we suggest that the autoimmune response be 
viewed astheindividual'sprotectiveor reparative 
physiological responsetoany CNS insult, whether it 
be caused by exogenous invading microorganisms, by 
mechanical trauma, or by destructive self-compounds 
evoked by stress originating within thebody itself. 
Autoimmunediseaseisthen one extreme situ at ion, 
wher e t he aut oi m m u n e r espon se over sh oot s an d goes 
out of control. The other extreme is a degenerative 
disorder, where the autoimmune response is not 
strong enough for effective protect ion, and 
degeneration therefore continues. Thus, in both of 
these pathological conditions, inflammation might be 
present but will need to be differently handled in each 
case. How can treatment with the same compound 
(Ccp-1) provide both properly regulated immune 
suppression (in the case of the autoimmune disease) 
and properly regulated immuneactivation (in the . 
case of the neurodegenerative disease)? 

Differential modes of Cop-1 administration in patients 
with MS or with CNS injury 

If Cop-1 acts as a universal antigen, quest ions arise in 
connection with theoptimal therapeuticregimensof 
Cop-1 for different conditions. Should patients with 
autoimmune diseases be treated in thesameway as 
patientswith acuteor chronicneurodegenerative 
disorders?! n the case of autoimmune disease, where 
theregulation of autoimmunity is malfunctioning, 
thereisa need toshut off the autoimmune clones. 
By contrast, in thecase of acute CNS injury or 
chronic neurodegenerative disorders (e.g. MS), there 
isaneedfor neuroprotection, initially requiringthe 
participation of active autoimmune clones and 
subsequently needingtight control toshut off the 
autoimmune response at the appropriate time. 

Reports indicate that MS patients treated with 
Cop-1 initially sh ow a Th1 -type response, which later 
sw i t ch es t owar ds Th 2 [47 ,60] , con si der ed t o be a 
favorable phenotype in such patients. From this stage 
onwards, each application of Cop-1 boosts t he Th2-type 
response and weak ens theThl -type response, until 
there is no response to Cop-1 [53,61]. This eventual 
lack of response might reflect anergy of effector T cells 



(primarily sped ficto myelin or toother self-proteins) 
caused by overstimulation with Cop-1. Alternatively, or 
in addition, it might reflect over-activation of regulatory 
T-cell donesandtheir consequent inhibition of effector 
dones (regardless of their antigenicspedfidty). 
Whatever theunderlying mechanism, thistypeof 
progression of the autoimmune response was found to 
bebenefidal in patientswith autoimmunediseases. 

In acute neu rod egenerative disorders, theaim of 
therapy istoboost thelocal immune response at the 
lesion site in a well -regulated way. Accordingly, the 
early and transient Th1 (effector) response is a welcome 
phenomenon, essential for stopping the process of 
dam age caused byself-destructiveccmpounds.lt can be 
achieved by Cop-1 vaodnation, which allows an induced 
Th1 (effector) immune response to be accompanied 
by a regulatory response. In patientswith chronic 
neurcdegenerat ive disorders, t net iming and amount 
of each booster application should in corporate the 
Th1 phase. During this phase (which isthought to be 
very short), theaffinity of theThl eel Is for self-epi topes 
is relatively low, so the development of an autoimmune 
disease during theThl phase window is avoided, 
whereas the desired activation of phagocytes for 
dearing of cell debris is probably achieved. 

It isimportant tobear in mindthat MSisnow 
recognized not only as a disorder related tomyelin, 
but also as a neuronal disorder [62-64]. Glut am ate, a 
prindpal mediator of toxidty in neurodegenerative 
disorders, has also been identified in patientswith 
MS [62,63]. Protection against the harmful effect of 
glut am ate can be obtained by vaodnation with Cop-1 
[36]. Giving Cop-1 topatients with MSusingthesame 
regimen asfor patientswith neurodegenerative 
disorders might therefore be worth considering. 

Concluding remarks 

We suggest that theoptimal application of Cop-1 for 
thetreatmentofneu r odegener at i ve di seases i s by 
vaodnation in order toactivatetheweakly self-reactive 
Th1 eel Is in a well-regulated way. According to our 
perception of autoimmunity, the regimen for Cop-1 
administration in individualswith autoimmune 
disease(daily injection) differs from that required for 
treatment after CNS injury. Future studies should be 
aimed at establishingtheoptimal regimen for Cop-1 
administration in individualswith diseasesthat are 
both autoimmune and neurcdegenerat ive, to achieve 
both neuroprotection (against degeneration) and 
arrest of t he demyeti nation process (i.e. prevention 
of disease). Eluddation of thepredsemechanism 
underlying theinter action of Cop-1 -react ive T eel Is with 
self-anttgens might shed light on theCop-1-mediated 
protect ive median isms, which areso similar and yet 
sodifferent, in autoimmunediseasesand in 
neu r odegener at ive disorders. 
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